Pollen morphology and factors affecting in vitro pollen germination of four commercial litchi cultivars, Hong Huay, O Hia, Kim Cheng and Jakapad, were studied at Chiang Rai Horticultural Research Center, Thailand. The pollen was germinated in liquid medium by using a hanging drop technique in the controlled temperature incubator. The litchi pollen was oblong when dehiscenced, becoming triangular or sometimes rectangular after germination in the liquid medium. The pollen was binucleate and an average length was 27-28 m depending on cultivars. There was no difference in germination percentage of 'Hong Huay' pollen incubated in either the presence of light or the darkness at 25C for 24 hours. There was no significant difference in pollen germination between 'Hong Huay' and 'Jakapad' at any incubation periods in the dark at 25C for 3-24 hours. Average germination percentage of both cultivars sharply increased to 69.2% when the incubation period was prolonged to 3-12 hours. Extending the duration of incubation beyond 18 and 24 hours, germination slowly increased to 87.4 and 89.0%, respectively. In this study, as temperatures increased there was a trend for the pollen germination of all cultivars to increase. Averaged over the four cultivars, 2.0% of pollen germinated at 10C, this increased to 14.7, 49.6, 60.1 and 63.9% when the incubation temperature was increased to 15, 20, 25 and 30C, respectively. Raising the incubation temperature to 35C resulted in decreased germination to 59.8%. The best temperature of pollen germination for all four litchi cultivars was between 25 and 35C.
INTRODUCTION
The litchi (Litchi chinensis) is a monoecious plant bearing three types of flowers: one female and two males (M 1 and M 2 ), which are all functionally unisexual (Tindall, 1994; Stern and Gazit, 1998) . They are in order of appearance in three distinct waves and there is overlap between male and female flowers. Litchi pollen morphology and germination of many cultivars have been determined in vitro in several studies (Singh, 1962; Fivaz et al., 1994; Stern and Gazit, 1998) . Few studies have dealt with the morphology and viability of pollen from the Thai cultivars. Low-temperature inhibition of pollen viability and pollen tube growth has also been reported for cultivars of other tree species including avocado (Sedgley and Annells, 1981; Sedgley and Grant, 1983) , nashi (Rohitha and Klinac, 1994) and mango (Robbertse et al., 1988; Issarakraisila and Considine, 1994; Sukhvibul et al., 2000) . Their results show that the specific temperature requirements for in vitro pollen germination of mango varied between cultivars. In litchi, reducing the temperature from 25 to 16C leads to a marked reduction in fruit set as the rate of pollen tube growth in pistils is decreased by up to four-fold, leading to the effective pollination period being exceeded . Investigation on the effect of environmental factors on in vitro pollen germination of five Thai commercial cultivars will increase the level of understanding of how factors affect pollen germination, pollen tube growth and fruit setting of these cultivars.
MATERIAL AND METHODS
The experiments were conducted between January To study pollen morphology, a solution of the DNA-specific fluorochrome of 4´-6-Diamidino-2-phenylindole·2 HCl (DAPI) in citrate phosphate buffer pH 4.0 was prepared as described by Vergne et al. (1987) . Freshly dehisced pollen from each cultivar was added to 15 l of DAPI solution on a glass slide. Following an hour of incubation at 22°C, the stained pollen was examined for nuclei using a fluorescence microscope at 800 x magnification. The diameter of hydrated pollen was measured using a micrometer eyepiece under a light microscope at 400x magnification.
In vitro pollen germination was assessed by using a hanging-drop technique described by Stanley and Linskens (1974 , 1992) . To obtain uniform pollen samples, 20 dehisced anthers of each cultivar were thoroughly mixed in 1 ml of the germination medium. A 15 l aliquot of this pollen mixture was placed on a glass slide inside an 8 mm diameter ring of high-vacuum silicone grease (Ajax Chemicals, Australia). Slides were inverted and placed on a rack in a polycarbonate sealed container (18x12x6 cm) lined with moistened blotting paper and incubated in darkness for 24 hours in an incubator (Linder and May, Australia). After incubation, slides were turn upright and covered with cover slips. A minimum of 100 pollen grains/slide was randomly counted under a light microscope (Olympus, Japan) at 200x magnification. Pollen was judged as having germinated when the length of the pollen tube was equal to, or exceeded its diameter (Stanley and Linskens, 1974) .
To determine the effect of light on in vitro pollen germination, 'Hong Huay' pollen was incubated in the germination medium. Containers with pollen aliquots were wrapped in aluminium foil to exclude light, the remaining containers were not wrapped. All containers were placed in front of four 40 W cool daylight fluorescent tubes (Philips, the Netherlands) and exposed to a continuous PPF of 250 mol m -2 s -1 for 24 hours in an incubator at 25C. In a separate experiment with in vitro pollen germination, pollen of 'Honghuay' and 'Chakapat' were incubated in the germination medium in darkness in an incubator at 25C. Pollen was scored for germination after 3, 6, 12, 18 and 24 hours of incubation. To investigate the effect of constant temperature on in vitro pollen germination, pollen of 'Hong Huay', 'Kim Cheng', O Hia' and 'Chakapad' the liquid germination medium was incubated for 24 hours in darkness in an incubator at 10, 15, 20, 25 or 30C.
Data for the effect of incubation temperature on in vitro pollen germination were analysed separately within each temperature range using a completely randomized ANOVA. Data on percentage of in vitro pollen germination were angular transformed before analysis (Steel and Torrie, 1981) and means were back transformed for presentation. The ANOVAs were performed using the statistical package Genstat 5 (Genstat 5 Committee, 1993). The least significant difference (LSD) at P< 0.05 was used to compare treatment means. The response curves of pollen germination to varying incubation periods were determined by nonlinear regression analysis using Table Curve 2.0 (SPSS Inc., USA).
RESULTS AND DISCUSSION
After examination under light and fluorescence microscopes, no noticeable morphological differences were found among pollen grains of these Thai cultivars. The normal pollen grain was binucleate (Plate 1) and was elongate but became triangular or sometimes rectangular after germination in the liquid medium. There were no significant differences in pollen diameter and viability between cultivars. The pollen viability was 68.2 -78.6% and an average length was 27.1-17.9 m depending on cultivars (Table 1) . These results were supported by the early studied in various litchi cultivars by Fivaz et al. (1994) ; Stern and Gazit (1998) .
In present study, there was no difference in germination of 'Hong Huay" pollen when incubation under light or darkness which is typical to field conditions. Pollen germination was at 64.2 and 63.8% after germinating in liquid medium under light and darkness, respectively (Fig.  1) . Similar results supporting the absence of phytochrome control of pollen germination and pollen tube growth have been reported for Pinus roxburghii (Dhawan and Malik, 1981) , chickpea (Agarwala and Govila, 1982), jojoba (Lee et al., 1985) and mango (de Wet and Robbertse, 1986; Sukhvibul et al., 2000) .
Germination of 'Hong Huay' and 'Chakapad' pollens was significantly (P < 0.05) different when incubated in darkness at 25C for varying periods (Fig. 2) . The correlation equation between germination percentage of the cultivars and incubation periods was Quadratic with r 2 = 0.98-0.99. Following incubation for 3 hours, an average 44.2% of the pollen had germinated and the mean percentage germination significantly increased to 52.0% after 6 hours of incubation. There was a further increase in the percentage germination to ca. 87.4% when pollen was incubated for 18 hours. Extending the duration of incubation to 24 hours did not significantly increase pollen germination (89%). This result is consistent with the investigations in litchi by Vivian-Smith et al. (1992) and in mango by Sukhvibul (1999) . Furthermore, Stanley and Linkens (1974) also reported that most other binucleate pollen usually germinate readily under in vitro conditions for 12 hours. However, for convenience in counting of germination, 24 hours was chosen as the standard incubation time for in vitro germination in this study. Significant (P < 0.05) difference in the in vitro germination of pollen was detected at all constant incubation temperatures (Table 2 ). Pollen germination percentage was gradually increased from 10 to 30C incubation temperatures. After incubation at 10C, only 2% of pollen germinated, between 15 and 30C germination increased from 14.7 to 63.9% but decreased to 59.8% when pollen was incubated at 35C. Robertse et al. (1992) and Stern and Gazit (1998) . Incubation temperatures between 20-22 o C also promoted the maximum growth rate of pollen tubes to ovaries of litchi . However, Sukhvibul et al. (2000) reported that the optimum temperature range for in vitro germination of mango pollen was 15-25C. The differences between the specific temperature requirements for pollen germination of crops suggest an ecophysiological response based on their evolutionary background. For instance, the temperate fruits have evolved under the cool temperatures of eastern Europe to western China while litchi has developed at subtropical latitudes (Groff, 1943; Flore, 1994 Data are means of counts made on 10 slides (100 pollen grains/slide). In a column, means followed by different letters are significantly different at the 5% level by DMRT. 
Plates

